The reduction of global imbalances observed during the climax of crisis is incomplete. In this context, currencies realignments are still proposed to ensure global macroeconomic stability. These realignments are based on equilibrium rates derived from equilibrium exchange rate models. Among these models, we have the fundamental equilibrium exchange rate model introduced by Williamson (1994) . This approach is often labelled as normative mainly because the equilibrium is not uniquely determined. If the FEER is not related either in the short or in the long to the real exchange rates, we see no clear justification to intervene in foreign exchange markets based on these equilibrium rates. In this case, the FEER does not include any element of long run predictive value and should not be used to reduce global imbalances. This paper provides panel empirical evidences that the FEER is related to real exchange rate in the long run and thus could be a useful tool to prevent the resurgence of large global imbalances and associated risks.
Introduction
International trade would cease to be what it is, namely, a desperate expedient to maintain employment at home by forcing sales on foreign markets and restricting purchases, which, if successful, will merely shift the problem of unemployment to the neighbour which is worsted in the struggle. John Maynard Keynes (1936) .
As witnessed by the evolution of current account balances and net foreign assets, the reduction of global imbalances observed during the climax of crisis is incomplete. Indeed, current account imbalances in flow have been reduced with the global slowdown and the collapse of the world trade in 2009. However, these evolutions of current account imbalances have not been sufficient to reduce net foreign assets positions in stock. After the climax of the crisis, global imbalances in stock (i.e. the net foreign assets positions) represent more than 15% of world GDP in absolute value.
As pointed out by Blanchard and Milesi-Ferretti (2012) , the persistence of large current account imbalances and large net foreign assets positions is a threat for the world economy. Firstly, large current account imbalances increase the systemic risks as countries with large deficits can be subject to sudden stops and their macroeconomic consequences. Secondly, they increase political tensions as a number of countries, which are suspected of unfair competition with undervalued exchange rates, could be threatened by retaliatory measures. Thirdly, in the current context of weak growth in advanced countries, the perpetuation of export-led growth strategies in some emerging countries could be a menace for the global recovery.
This last point is illustrated in the quotation above, Keynes (1936) emphasizes that the main economies must have mutually consistent objectives in terms of external trade and exchange rate policies in a context of depressed aggregate demand at the world level. If some countries lead aggressive exchange rates policies and restrict their internal demand in order to run current account surpluses, they will induce further downward pressures on the global aggregate demand. Chinn et al. (2013) claim that current account imbalances of the USA and China will not disappear in absence of radical policy change. Gagnon (2011) forecasts that current account imbalances will widen in larger proportion at the world level than projected by the International Monetary Fund (IMF). Feldstein (2011) argues that exchange rate adjustments (or currency realignments) could play a major role in the elimination of current account imbalances of the USA and China. He stresses that internal policies must be accompanied by external policies to maintain domestic macroeconomic balance. As the current account is equal to the difference between national saving and national investment, deficit countries must increase their national saving and/or reduce their national investment. To sustain such a change (maintain aggregate demand and non-inflationary full employment), a real effective depreciation is required in these countries. Surpluses countries must decrease their national saving and/or increase their national investment. To eschew inflationary pressures, a real effective appreciation is required.
In this context, currencies realignments are still proposed to reduce current account imbalances and ensure global macroeconomic stability at the world level. These realignments are based on equilibrium rates derived from equilibrium exchange rate models. Driver and Westaway (2005) provide an authoritative survey on the different concepts of equilibrium exchange rate in the current literature. Their contribution details under which circumstances a specific approach is likely to be appropriate. They quote 14 different approaches 1 and classify them according to the time horizon concerned by the measure of equilibrium exchange rate. They distinguish three time horizons, namely, the short run, the medium run and the long run. One their main conclusion is that the relative relevance of an approach must be considered in the perspective of the question that the approach tries to tackle.
When the question at hand is the reduction of global imbalances, the potential candidates are the fundamental equilibrium exchange rate (FEER) introduced by Williamson (1994) , the behavioral equilibrium exchange rate (BEER) introduced by Clark and MacDonald (1998) and the natural rate of exchange rate (NATREX) introduced by Stein and Allen (1998) .
Unlike the purchasing parity power (PPP) introduced by Cassel (1918) , these approaches are clearly related to the global imbalances problematic. The FEER approach endeavors to stabilize the current account at a sustainable level in the medium run in order to assure a possible convergence towards the full stock-flow equilibrium in the long run (Driver and Westaway, 2005) . Besides, the NATREX approach and recent versions of the BEER approach (López-Villavicencio et al., 2012) aim to stabilize the net foreign assets position in the long run thus they represent the full stock-flow equilibrium in the long run (Driver and Westaway, 2005) .
Indeed, López-Villavicencio et al. (2012) show empirically that the FEER converges towards the full stock-flow equilibrium (i.e. the BEER) in the long run. In spite of an impressive endeavor in theoretical modelling, the empirical testing of the NATREX is extremely close to the empirical testing of the BEER in an overwhelming number of cases in the current state of the literature. From an empirical perspective, it is quite difficult to distinguish these two last approaches.
It remains to tow potential candidates to study issues surrounding global imbalances, namely, the FEER and the BEER. In spite of all its advantages, the BEER suffers from two important drawbacks: its time horizon and a strong assumption on the misalignments 2 . Firstly, the relevant time horizon for the BEER approach is the long run but as underlined by López-Villavicencio et al. (2012) , the relevant horizon to treat the global imbalances question is the medium run. Secondly, as in the PPP and in the NATREX, the BEER makes the implicit assumption that the exchange was in equilibrium on average on the studied period (i.e. exchange rate misalignments are stationary by construction)
3 . This last assumption could be justified in large panel with the main economies and over a long period of time. But we see no justification to this hypothesis in a single country context or in a regional context over a short period of time. The FEER does not suffer from these two last important limitations. As its relevant time horizon is the medium run and as it makes any assumption on the stationarity of misalignments, the FEER seems to be a natural candidate to study the global imbalances question.
Nevertheless, the FEER suffers from its own limitations. This approach is often labelled as normative mainly because the equilibrium is not uniquely determined. If the FEER is not related either in the short or in the long to the real exchange rates, we see no clear justification to intervene in foreign exchange markets based on these equilibrium rates. In this case, the FEER does not include any element of long run predictive value 4 and should not be used to reduce global imbalances. This paper provides panel empirical evidences that the FEER is related to real exchange rate in the long run and thus could be a useful tool to prevent the resurgence of large global imbalances and associated risks.
Several studies have examined the relationship between the FEER and the real effective exchange rate (REER). We can quote Zhou (1993) , Barisone et al. (2006) , Saadaoui (2011) and Duwicquet et al. (2013) . Zhou (1993) finds that FEERs are not cointegrated with REERs (i.e. the misalignments are not stationary) however we can underline an important drawback in her empirical study. She studies only two countries (Germany and Japan) over 2 An exchange rate misalignment is defined as the difference between the observed exchange rate and the equilibrium exchange rate.
3 In the BEER approach, the exchange rate is regressed against fundamental determinants. The exchange rate misalignments correspond to the difference between the observed values and the fitted values (i.e. the residuals). The residuals are stationary by definition. 4 We think that our empirical results are a common feature of all FEER approaches. If we test several FEER approaches and find that they are related with observed rates, we can conclude that observed rates return to these array of fundamental rates in reason of real forces (trade evolutions) or public interventions (the Louvre accord, for example). This set of FEERs (REERs that are consistent with continued non-crisis evolution of the economy) have an element of long run predictive value in saying that the exchange rate must follow one of those path and the normative element only arises in choosing which. The author is grateful to John Williamson for conceptual clarifications on this point. a relatively limited time span (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) . Besides, during this period, it is well known that these two countries have used their exchange rate policy to boost their external competitiveness. Thus, the results of Zhou (1993) are not surprising since global consistency, mentioned above, is not ensured.
Contrary to Zhou (1993) , Barisone et al. (2006) find that the FEERs are cointegrated with REERs for the G7 countries over the period 1973 to 1997. They use recent non-stationary panel econometric techniques. This study can be considered as more complete comparatively to Zhou (1993) as the number of countries and the number of observation is larger.
Saadaoui (2011) finds non-stationary panel evidences that the FEERs are cointegrated with REERs for a panel of 17 industrialized and emerging countries over the period 1982 to 2007. This study is the first to include emerging countries in the sample and constitutes an improvement toward a greater global consistency.
In Duwicquet et al. (2013) , we can observe that the FEER approach does not require any assumption on the stationarity of the misalignment contrary to other approaches. They study a sample of member of the eurozone over the period 1994 to 2010. As witnessed by the euro crisis, European economies have experienced diverging paths in terms of competitiveness. Thus, these evolutions imply that the misalignments have been non-stationary over the period. This last study and that of Zhou (1993) show that the FEER is more flexible than other approaches.
Comparatively to these studies, this empirical investigation improves several points. We use recent non-stationary panel econometric techniques to investigate if the FEER is related to the REER for a large panel of 26 industrialized and emerging countries over the period 1982 to 2010. We find a positive long run relationship between FEER and REER, confirming the validity of the use of FEER as instrument to correct currency misalignment and reduce in this way current account imbalances among the main areas of the world. This paper is organized as follow. Section 2 presents a general framework suited to describe every FEER approach. Section 3 focusses on empirical evidences for a large panel of 26 industrialized and emerging countries 5 over the period 1982 to 2010. Section 4 concludes on the usefulness of the FEER approach to reduce global imbalances.
FEER Methodology
In the literature on equilibrium exchange rates, the FEER approach has several variants. We can quote Cline (2008), Jeong et al. (2010) , You and Sarantis (2011) and Carton and Hervé (2012) for example. These variants differs on the type and size of modelling (general equilibrium, partial equilibrium, reduced form relationship), on the determination of the sustainable current account in the medium term (econometric estimates, judgmental assessment, arithmetic average) and on the trade elasticities (calibration to balance the trade model in volume and value, econometric estimates in a panel setting to ensure consistency of the world trade model).
In spite of all these differences, we present a general framework adapted to describe every FEER approach. We start with a simple current account model based on Clark and MacDonald (1998) :
(1)
Where CA is the current account balance, KA is the capital account, ntb is the net trade balance, nf ar represents returns of net foreign assets, q is the real effective exchange rate (when q increases, we observe a real effective depreciation), ydpot is the domestic full employment output and yf pot represents full employments output of foreign economies.
A real effective depreciation and an increase of full employments output of foreign economies improve the net trade balance (b 1 > 0, b 3 > 0), an increase of the domestic full employment output deteriorates the net trade balance (b 2 < 0). Combining equations (1) to (4) gives:
Where CA * is the sustainable current account in the medium term. To determine the FEER, every approach has to solve the following equation:
We obtain the fundamental equilibrium exchange rate (q f eer ), which realizes simultaneously the external and internal equilibrium for all trading partners.
In our approach, we use a two-step procedure to obtain the fundamental equilibrium exchange rate for each trading partners (Jeong et al., 2010) . Firstly, we use a partial equilibrium model of world trade for the main countries at the world level (US, China, Japan, Euro area, UK and the Rest of the World). We solve equation (6) to obtain fundamental equilibrium exchange rates for these countries in a partial equilibrium model of 35 equations. Secondly, we use simple national model in which world demand and world price are exogenous for smaller economies. National estimates are linked with the estimates of the main countries at the world level 6 . In that case the misalignments (i.e. the difference between observed rates and equilibrium rates), written in differential logarithmic (r = dLogR = (Ri − R e )/R e ), are computed as 7 :
Where b is the difference between the observed current account and the equilibrium one, as percentage of GDP, d and d * stand for internal and world demand in volume, also written in differential logarithmic, ηm and ηx are import and export volume elasticities, sx and mx are coefficients derived from the foreign trade model in which mark-up behaviours are allowed.
Concerning the determination of the sustainable current account in the medium term, following (Chinn and Prasad, 2003) , we regress the current account on several medium-term determinants of investment and saving behaviours. The consistency of current account targets is ensured by using the Rest of the World as a residual. At the world level, the sum of current account targets expressed in the same currency is equal to zero.
The trade elasticities of the world trade model come from econometric estimates. These estimates are generally made in a panel setting to ensure that elasticities are mutually consistent 8 . Although, there are several variants of the FEER approach in the literature on equilibrium exchange rates, this simplified framework contains the essential principles which are included in all FEER approaches.
Two other important points can be mentioned: firstly, on exchange rate dynamics, and secondly, on uncertainties surrounding estimates of equilibrium ex-6 Notice that the FEER estimates are not obtained country-by-country but in a consistent framework by relying on a world trade model for the main economic areas.
7 R e is the equilibrium exchange rate. Our FEER model includes only three exogenous variables, namely, the current account gap (difference between the observed current account balance and the equilibrium current account balance), the internal demand gap (difference between the observed internal demand and equilibrium internal demand) and the world demand gap (difference between the observed world demand and equilibrium world demand). The real effective exchange rate is not included as an endogenous variable of the model. In a first step, we solve the model in differential logarithmic to obtain misalignments. In a second step, we retrieve the FEER by using this formula: R e = exp (LogR)−r where R is the real effective exchange rate and r is the real effective misalignment.
8 See Jeong et al. (2010) for more details and a complete description of the model and methodology. change rates. It seems clear that the FEER model does not describe exchange rate dynamics nevertheless it appears reasonable to think that an increasing current account deficit (surplus), a persistent negative (positive) domestic output gap and a growing positive (negative) foreign output gap will induce downward (upward) pressures on the exchange rate. Concerning uncertainties surrounding estimates of equilibrium exchange rates 9 , Ca' Zorzi et al. (2012) investigate if current account balances of the main economies were in line with fundamentals before the financial crisis. To take into account uncertainty, they used Bayesian panel econometric techniques. According to their results, current account deficits of the United States and of the United Kingdom were excessive before the financial crisis. Besides, current account surpluses of Japan and China were excessive in regards to their fundamentals. They conclude that it is highly unlikely that current account balances of the main economies were in line with fundamentals prior to the financial crisis.
This last result may imply that exchange rates were not in line with their fundamentals before the financial crisis. Thus our empirical investigation can be considered as a worthwhile attempt to check if exchange rates will return to their fundamental values, namely, their FEER values, after the financial crisis and in this way realign current account balances of the main economies to their fundamental long run values.
Empirical Results
The purpose of this section is threefold. Firstly, we estimate FEERs for 26 industrialized and emerging countries over the period 1982 to 2010 with the methodology described above 10 . Secondly, we run some regressions on the series of FEERs and REERs to determine if we are in a non-stationary panel context. Thirdly, we use non-stationary panel econometric techniques which allows for cross-section dependencies and heterogeneous slopes to test empirically the usefulness of the FEER approach to correct exchange rate misalignment and in this way reduce global imbalances and associated risks.
As we can observe in figure 1, there is a clear positive correlation between real effective exchange rates and fundamental equilibrium exchange rates. However, as correlation does not imply any causal structure, we study a bi-directional causal relationship between FEERs and REERs with static and dynamic OLS regressions. Schnatz (2011) examine uncertainties surrounding the equilibrium exchange rate of China in several models (the PPP, the BEER and the FEER, respectively).
10 Misalignments, real effective exchange rates and fundamental equilibrium exchange rates are presented in appendix B. We can observe in static OLS estimates (columns (1) and (2) in table 1) that there is first-order autocorrelation in the residual series. Besides, the value of the R-squared statistic is substantially higher than the value of the Durbin-Watson statistic. We may suspect the presence of fallacious regressions (Granger and Newbold, 1974 ). When we use dynamic OLS estimates (columns (3) and (4) in table 1), first-order autocorrelation in the residual series is corrected and coefficients are positive and significant as expected however they give no information on the long run relationship between REERs and FEERs. Kao and Chiang (2000) show that the OLS estimator is convergent but not efficient in a cointegrated panel. Results in table 2 may induce that our panel is cointegrated since OLS estimates of cointegrating vector are very similar to DOLS estimates in terms of convergence (Kao and Chiang, 2000) .
To determine in a more formal way if we are in non-stationary panel context, we need to implement the following steps. Firstly, we apply several panel unit root tests on the series of real effective exchange rates and on the series on fundamental equilibrium exchange rates. Secondly, if the series are nonstationary I(1) series, we apply several panel unit root test to determine if real effective exchange rates and fundamental equilibrium exchange rates are cointegrated. Thirdly, if the series are cointegrated, we estimates several panel error correction model which control for cross-section dependencies and heterogeneous slopes in order to conclude on usefulness of the FEER to correct misalignments and in this way reduce current account imbalances among the main area in the world. Kao and Chiang (2000) (1) Pesaran (2007) indicate that series are nonstationary I(1) series as an I(1) series achieves stationarity after first differencing. Our next step will consist in testing panel cointegration. To test cointegration, we use the panel and group statistics introduced by Pedroni (1999) and the panel and the "mean group" statistics suggested by Westerlund (2007) . The existence of negative error-correction term is taken as proof for cointegration in these last tests. To take into account cross-sectional dependence, critical values are obtained through bootstrapping. As we can see in Table 4 and 5, an overwhelming majority of tests indicates that variables are cointegrated. Our next steps will consist in estimating several panel error correction model which control for cross-section dependencies and heterogeneous slopes to conclude on the long run relationship between FEERs and REERs. In table 6, we report estimates of a panel error correction model with heterogeneous slopes. We use the Pooled Mean Group (PMG) methodology introduced by Pesaran et al. (1999) . As we can note the error correction terms are negative and significant in all specifications thus the error correction representations are validated. The Hausman test allows discriminating among different levels of heterogeneity. Under the null hypothesis of this test, the PMG estimator is efficient. Thus, we can observe positive bidirectional causality between FEERs and REERs in PMG estimates.
In order to check the robustness of the results to cross-sectional dependence, we use a cross-sectionally augmented Pooled Mean Group (CPMG) following Binder and Offermanns (2007) . In this approach, we augment the PMG estimator (Pesaran et al., 1999) with cross sectional average of independent and dependent variables in order to capture the common factors or the heterogeneous time effects 11 . The results are presented in tables 7 are largely similar to those of table 6. The estimations give clear cut results. They clearly show a positive and significant bidirectional long-run relationship between real effective exchange rates and fundamental equilibrium exchange rates in panel error correction model with heterogeneous slopes and cross-sectional dependence 12 . In case of cyclical evolution of competitiveness, the half-life 13 is equal to 3.909 years. For structural evolution of competitiveness, the half-life is equal to 2.510 years. When a country experienced a cyclical evolution of its competitiveness, he can slow the return to equilibrium in case of unfavourable evolutions hence a longer half-life 14 . As we have some evidences that there is a positive long run bidirectional between FEERs and REERs, a last robustness check will consist to use two nonstationary panel estimators which allows for cross-sectional dependence in the long run relationship, namely, the Common Correlated Effects Mean Group (CCEMG) estimator developed in Pesaran (2006) 15 and the DOLS estimator with heterogeneous time trend, common time effect introduced in Mark and Sul (2003) . Results in table 8 and 9 confirm previous results however the cointegrating vectors are somewhat different but remain positive and statistically significant.
We provide robust empirical evidences that FEERs are related in the long run with observed rates even if exchange rate dynamics is not explicitly described in the model. These results confirm the usefulness of FEER to correct currency misalignments and reduce in this way global imbalances and associated risks.
Conclusion
The reduction of global imbalances observed during the climax of crisis is incomplete as witnessed by the evolution of net foreign assets positions. After the climax of the crisis, global imbalances in stock (i.e. the net foreign assets positions) represent more than 15% of world GDP in absolute value. In this context, currencies 11 See appendix C for more details. 12 Results of the heterogeneous dynamic part of the error correction model are presented in appendix D.
13 The half-lives are computed by using the following formula: h = −ln (0.5) /ln (1 + |φ|). They correspond to the number of periods for a deviation (from the long run equilibrium) to decay by 50%. Here, deviations correspond to misalignments.
14 See Saadaoui (2011) for a distinction between cyclical and structural evolutions of competitiveness.
15 Kapetanios et al. (2011) prove that CCE estimators keep consistency when variables are non-stationary. realignments are still proposed to ensure global macroeconomic stability. These currencies realignments are based on equilibrium (or reference) rates derived from equilibrium exchange rate models. Driver and Westaway (2005) quote 14 different approaches to estimate equilibrium exchange rates. They underline that the relative relevance of an approach must be considered in the perspective of the question that the approach tries to tackle. When the question at hand is the reduction of global imbalances, the FEER approach seems to be a natural candidate as its relevant time horizon is the medium run and as it requires any assumption on the stationarity of misalignments.
Nevertheless, the FEER suffers from its own limitations. This approach is often labelled as normative mainly because the equilibrium is not uniquely determined. We provide robust empirical evidences that there is a positive bidirectional long run relationship between FEERs and REERs in a non-stationary panel context with heterogeneous slopes and cross-sectional dependencies. These empirical results are supportive of the usefulness of the FEER approach to correct misalignments and in this way reduce current account imbalances and associated risks among the main areas of the world.
As noted by Zhou (1993) , an international monetary cooperation, aimed at reducing global imbalances, could not be based on equilibrium exchange rates which are not related either in the short or in the long to the observed exchange rates. Our results provide empirical evidences that exchange rates return to their fundamentals values as in Mark and Choi (1997) and Mark and Sul (2001) . Besides, as the return to the equilibrium is quite slow (almost eight years in case of cyclical evolution of competitiveness), our results could be seen as a justification to intervene on foreign exchange markets to realign exchange rates in order to reduce global imbalances and associated risks.
In July 2012, the International Monetary Fund has adopted the FEER concept to strengthen its surveillance activities on bilateral and multilateral levels (International Monetary Fund, 2012) . In its Pilot External Sector Report, the International Monetary Fund produce a set of deviations between real effective exchange rates and those consistent with fundamental and desirable policies for 28 economies. This new decision does not create new formal obligations. However, it could be considered as a step in the recognition that members must have mutually consistent objectives to ensure global macroeconomic and macrofinancial stability.
Our empirical results are consistent with the International Monetary Fund's decision as they support the usefulness of the FEER approach to reduce global imbalances. In spite of a number of reservations on the Fund's methodology (Cline and Williamson, 2012) , this decision could be preliminary step towards a larger discussion on the future of the international monetary system. A positive (negative) exchange rate misalignment corresponds to an undervaluation (overvaluation).
A Country List

C a CPMG approach
We implement a cross sectionally augmented pooled mean group (CPMG) estimator (Pesaran et al., 1999; Pesaran, 2006; Binder and Offermanns, 2007) . In this approach, we augment the PMG estimator with cross sectional average of independent and dependent variables in order to capture the common factors or the heterogeneous time effects. More precisely, we start with the ARDL(1, 1) 16 model as specified in equation (C.1):
The error correction equation yield:
Now, we assume that the error term u i,t follow multi-factor error structure:
Where f t is a factor of unobserved common shocks. The error terms dependencies across individuals are captured by f , whereas the impacts of these factors on each country are governed by the idiosyncratic loadings in γ i . By using equation (C.1) and (C.3) and by averaging across i, we obtain:
Where the variables with a bar denote the simple cross section averages of the corresponding variables in year t. The common factors can be captured through a linear combination of the cross-sectional averages of the dependent variable and of the regressors:
. Replacing equation (C.3) and (C.5) in equation (C.2) yields the error correction equation:
16 Autoregressive Distributed Lags.
Since the CPMG estimator imposes long-run coefficients to be constant for all individuals, while it allows short run heterogeneity, the error correction model is written: 
D Short run dynamics
